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INVESTIGATION OF GLASS-METAL GCOMPOSITE MATERIALS

INTRODUCT ION

In the period September 15, 195'99 to December 15, 1959, research was .
_reactivated directed to the devélopment of high temperature composites.

Effort for the quarter comprised forming high temperature fibers; studies

of tensile strengths of single fibers both bare and aluminum coateds; anq'
forming crystalline fibefs for étudy of th'eir‘ pl;1ysica1 properties and
for compositing with m'etals; Also during the period experiments begun
during the preceding quartei- concerning the basic behavior of glass-~
aluminum composites were ‘czpimpleted'.A An experiment planned in the Four-
teenth Quarter was initiated ir.ong:erning properties in tension of g'lassl;-
aluminum comp_ositeé‘ in which ‘the reinforeemeﬁt was high témpera‘bur'e
fibers.. | o

. The work reported répresents the combined ei‘for-ts of Messrs. M. -
Ghrisnian, W. Edmunds, Ba'Gaxi‘ick-,. R. Harris, N, Leedy, P. Lockwood;
E. Mattern, G. Wince, and Dr. G, R. Machlan and other members of the
ﬁasi‘c ami Applied l;teseareh Laboratories of‘ the Owens=Corning Fibei'gle;.s

Corporatlon. Physical property measurements of glass reinforced metal

test bars were performed at The Ohio State Engineering Experiment Station

of The Ohio State University in Goiumbus, Ohio, wunder the direction of

Dre Te S. Shevlin and at the Owens-Corning Fiberglas Testing Laboratories,
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SUMARY

The direction of work during this quartgr has been varied from ithe
work reported in previous quarters due to renewed interest in high tem~
perature composites. This change was discussed in the Fourteenth Quarterly
Progress Report. Experiments wlith higﬁ temperature coﬁposite component
matérials were started at the beginning of the Fifteenth Quarter.

The Owens-Corning Filberglas Corporation has been studying high
temperature glass fibers with considerable success and it was well known
Lhat sumpued biens in bhe HiOA-Aiguj‘MgmAhavnary, Lhe BiUg-Rlg0q-tial
ternary, and the 8102~A1203—Mg0—ca0 quaternary systems offered a fertile

field for fibers with exceptional high temperature strengths. Relying

" on glass forming lmowledge gained in éarlier studies, four glasses from

the Ca0 ternary system were studied along with two glasses from the
qu&terﬁary system and four glasses from the MgO ternary system. While
most of the glassés studied showed an improvement in tens@le sﬁréngth
both bare and aluminum;coated compared‘tp "EN" glass, X-994 in the MgO
ternary system shows the most promise. ‘

The X;99h glasé wa;,formed at over 3100°F and had an average tensilg
strength in the uncoated condition of 635,000 psi anq‘a tensile'strengih
of 178,000 psi coated with aluminum, roughly 50,000 psi greater than the
tensile strength of aluminum-coated "E" glass fibers. Other glasses
from the three composition fields will be examined as t#ey become available.

Originally it was thought that aluminuﬁ coatings applied to céndidate
high temperature fibera at forming would serve to eliminate those glasses

rarticularly susceptible to damage by reactive metals such as zirconium
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and titanium. Also, the coating étep was thought to be a means for

lindicating those glasses‘ﬁhich'might lose strength rapidly at or above

' 1200°F. It was found; however, that even the more refractory fibers

were not immune from attack by molten aluminum and were being unduly
penalized. Future screening will be done by testing bare fibers at
room iemperature, 1000, 1500; 1800, and 2000°F. Aluminum éoated fibers
will be used only when information useful to the high‘température‘comy
posite program may result. .

A previously outlined experiment was initiated'with the object of
determining if aluminum coated high temperature fiberé showing higher
strengths than "EM glass.éluminum-coated fibers wouid‘yield‘stronger

glass—aluminum composites. Vacuum injection cast and hot pressed com-

posites were madé embodying one glass from each of the three composition

- fields. Tensile'strenéths-of‘the cqmposites were measured at room tem- '

perature, 500, 700, 'and 1C00°F, The resulﬁs‘did.not differ significantly
from those obtained prgviouély for "EM glass alﬁminum;coﬁpdsite;.
Microscope studies were started of high temperature crystalline
fibers formed by a process kmown from Owené¢Corning Fiberglas research.
A small supply of these fibers has been backlogged.
Strong fairly coherent gréen composites of crystalline fibers and
-325 mesh gtainless steel powder were made by hot pressing at 1000°F

and 25 tons per square inch. Sintefing was atﬁemptgd with some. success

by heéting pleces of the green compact for several hours at 1800 -

2000°F while embedded in a protective mixture of powdered alumina ‘and

graphite. X considerable degree of sintering occurred with only minor
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oxidation from air entrapped in the sample. The results, while merely
preliminary, indicate that fabrication of composites by these or similar

methods is possible. BSeveral methods of making green compacts are under

+ study and equlpmenb is belng de31gned for trylng themo

During the quarber Dre Edward Salbdl,.consultant from Rensselaer

Polytechnlc Institute; supplied a paper on "The Poisson's Ratio of.

Cémposite-Materials."‘ In anticipation of this paper, "E" glass-aluminum -
composites suitable fb? testiﬁg in compression were made in the Four-
teenth Quarter. Dufihg the Fifteenth Quarter, The Ohio State University
determined Poissoﬁ’s Ratio for these bars with the load applied in sev-
eral diffefént directions in relatiqn to fiber orientation. Consonant
withvassumptions adopted in the theoretical tregtmenp,‘pr. Saibel pre- .

dicted that the bars would behave as homogeneous common stfuetural units

“and that Poisson's Ratio for the ﬂomp051tes would fall between those for

the components, the value depending on total cross sectlon of each com--

ponent. The results did not follow the predlétlonsw. Poisson's Ratio for

_the composites fell completely outside the values for either’ of the two

components taken separately. Extreme variation was noted between Poisson's .

Ratio in tension and compression.
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DISCUSSION

High Temperature Composites

At the end. of the Fourteenth Quarter the Navy Bureau of Ordnance
indicated thatvtheir‘interest in high temperature conpposite materials
took precedencs over previous work in developing theoretical concepts

‘to explain the behavior of .composite materials. Recent developments

.in the field of high temperature glass fibers and high temperature crys~

talling fibers gave promise that re«éntry into the field of high tem-
perature composites might be more fruitful than when first attempted in
early 1958. A re-evaluation of the program was carried on during the
month of>September, 1959. A review of fabrication techniques, especially

recent developments, indicated that there were several ways in which

. fiber-metal composites of high ﬁemperature interest might be'maae on a

laboratory scale without large capital outlays.

The initial fiber screening procedure consisted of forming fibers
. . . . .

from various high'ﬁempérature glasses previously investigated énd'testing

~
_ them for tensile strength. . It was decided that a good criterion for high

" temperature properties of glasses would be to aluminum coat the fibers at

forming and test them.t Thosé fibers which had good room temperature
strength bare and aluminum cogted would then be tested at wvarious high
temperatures — 1000°F, 1500°F, 1800°F, and 2000°F. The aluminum coating
was calculated to"eliﬁinatesﬁhose glasses‘particulérly susceptible to
reactive metals and also to indicate thoge glass;s which might lose

strength rapidly at. or above 1200°F.
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From previous Owens~Corning Fiberglas experdences in‘thé high tem-

.perature glass forming fields, it was concluded that the 5i05~Alp03~MgO

ternary, SiOg~A1203mOab ternary, and the 5102-A1203-Mg0~Ca0 quaternary
offered the three most fruitfﬁl composition fieids for‘the'invesfigation
of high tempsrature glasses likely to have adequate resistance to reactive
metals. Table I gives the results for ten glasses that were tested during
this quarter. To check the new forming system a control set of "E" glass

fibers were tested. It wili be noted that Glass X~994 from the silica- -

alumind-magnesia ternary field showed the most promising results with

an average of 635,090 psi in the as~pulled condition and 178,000 psi
aluminum coated. Tests of X~994 fibers forméd at higher ﬁemperatures
an@ reruns of X-994 and X-995 have been delayed by forming position
difficulties. .

A re-evaluation éf the results from testing of fibers, both bgre
and aluminum éoated; has led %o the ;onclusion that aluminum ié 8o’
highly reac£ive that even the more refractory fibers are not immune
from attack. The fibers are theﬁefofe being unduly penaiized. For
this reasoq‘the majority'of fibers in the futurg-will be testéd in

the bare uncoated condition at room temperature, 1000°F, 1500°F, 1800°F,

"and 2000°F whenever possible.

Concurrent with the search for suitable high temperature glass

-fibers, a series of hot pressed and vacuum injection cast aluminum

" composite bars were made incorporating promising glasses from each of

the three composition fields. The object of the experiﬁent was to assess

the effect of the higher strength aluminumecoated fibers on tensile




TABLE I

TENS ILE TESTS OF HIGH TEMPERATURE FIBERS

. Glass System.'

Glass Number

. Average Tengile Strength -.Psi

As Pulled r Aluminum GCoated |

$105-A1704-Mg0

" X=30-A ~ 1st Trial%*

2nd Trial
X=35-A
X-994 -~ 1st Trial
2nd Trial
X-995 ~ lst Trial

5103-A1203~Ca0

X-870 - 1st
' an

X-871

-X—96§ - 1lst
i-894-A ~ 1st

5105-A103-Ca0-¥g0

X-37-B - lst
X-673 - 1st
Control

"En - 1st

Trisl
Trial

Trial

Trial

Trial

Trial

Trial

- 494,000 158,000

503,000 156,000

The Glass Devitrified Giving
Widely Varying Results

635,000 178,000
Bushing Troubles

Bushing Troubles

L4T 000 132,000
492,000 139,000

This Glass Would Not Produce
a Fiber of Uniform Diameter

48,000, 136,000
. 291,000 131,000

469,000 128,000

473,000 110,000 . 't

410,000 128,000 -

#Thirty-slx or more

fiber breaks were averaged in each trial. -

¢
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strength of the compbsites as compared to "EV glass reinforcement. Fibers
were oriented paralle; in both types of bars, the vactum injection cast
set containihg 20 per cent_by volume fibers and the hot pressed set 50
per cent by volume. The glasses chosen were X870 (lime ternary), X-30-A -
(magnesia ternary); and X-37-B (lime-magnesia quaternary). With the
exneption‘of vacuum castings of X-37-B for which results from previous
work were availablé, the bars were tested and the results are shSwn in’
Tables II and III.

The test regults did not show the expected imprbvement in tensile
stréngth over "WE" glass-aluminum composites. The reason for this might
be that the strength increase obsefved for tﬁe'aluminuﬁ~coated high
temperature fibers was not large enough‘to show in thé o%erall average
o composite strengths or that the fiber strength is .not a major influence ,
én composite strength. Another and more likely possibility is that the
fiber strength was further degraded during the compoéiting operation until
.there was no differeﬁceAin strengtﬁ between WEM glass fibers and the high .
temperature fibers.

Also of great-intergst”are crystalline fibers which have been developed
By the Oﬁens-Corning‘Fiberélas Pioneering Research Laboratories. These
fibers show great pro%ise as high temperature material. Fopming of these
fibers was started on a scale ﬁatterned after the process established by
the Pioneéring Research groip and is ahead of:schedule. -

Trials have been‘sﬁarted to.inc&rporate‘the crystalline fibers into
higﬁ temperature composites. While the first trials were véry crude and

" were attempted only %o sse how the materials would behave, the result of
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TABLE IT

ULTIMATE TENSILE STRENGTHS OF COMPOSITES
CONTAINING HIGH TEMPERATURE GLASS FIBERS

Vacuum Injection

20% by Volume Glass

Orientation ~ Parallel

Coating = 1100 Aluminum

Matrix - 1100 Aluminum
Test Temp.
o x-870% X-30-A% | X-37-B"% ™ g
Room 15,360 psi| 14,816 psi| 32, 700 p51 14,000 psi|
16,640 | 14,024 32,200 13,700 |
14,720 9,891 31,750 17,500
13,800 11,212 24, 600 13,780
. 13,120 11,366 | 27,700 13,780 |
Average 14,728 12,262 29,890 14,500 ¢ 30,620 psi |
500°F. | 11,379 psi| 12,525 psi| 12,000 psi
' 12,512 | 12,136 : 18,000
12,012 ﬁ273 14,500
: 9:611-2- 803'
11,089 | 11 4017
Average | 11,326 11,351 14,930 27,250 psi
700°F | 14,06L psi| 8,758 psi| 15,150 psi| 15,250 psi
17,257 - | 11,512 14,200 13,650
17,585 8,000 9,190 13,620
“15,365 9,014 12,360 12,900
11831 8,375 11,180 .
Average | 15,220 9,132 12,520 13,855 27,250 psi
“1000°F | 10,721 psi{ A,460 psi| 6,140 psi| 7,600 psi
7,461, 5,611 6,170 12,666 .. |
10,398 2,970 7,200 7,930
10, 1660 5,240 3,860 8,225
. 9,840 - 7,129 10,400 |
Average 9,817 5,082 5,835 9,360 - 15,525 psi

#Previously reported data.

#Previously reported data.

4X-870 bars showed a few small voids in the fracture.
X~30-A bars showed many small voids and several large v01ds in the -
fractures.

2014 Aluminum matrix solution and aged. '

e
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TABLE III

ULTIMATE TENSILE STRENGTHS OF COMPOSITES

CONTAINING HIGH TEMPLRATURD GLASS FIBERS

~ Hot Pressed
50% by Volume Glass
Orientation - Parallel

* 50% by Volume 1100 Aluminum

: X-870 %-30-A X-37-B . gm
, 16,311 psi 35,622 psi 26,804 psi 29,300 psi
3 25,821 30,526 31,347 26,900

f 20,871 35,118 23,529 18,800

] 23,000 3,894 32,721 16,700
4 23,110 35,823 31,437 22,300
: 29,167 22,331 30,585 . 37,500
- 26,268 23,085 28,378 22,950

. 23,573 22,819 25,579 .

ﬁ 18, 996 23‘, 490 26’231

1 32,150 35,773 24,190

1 © 3,092 36,419 28,256

{ 31 967 © 32,500 30,931

18,938 24,329

: 20,291 21,408

! 15,292 . 36,327
q 18,725 20,122 .
1 15,400 21,472
g 19,679
ki 13,556
k| 11,515
3! High 32,150 psi 36,469 psi 31,437 psi 37,500 psi
g Average 21,871 29,418 28,332 21,921
i : Low 11,515 20,122 23,529 18,800

Some of the above bars were supposed to be tested at elevated temperatures
but an error in the Testing Divi.sion resulted in all bars being tested at
room temperathre. .

T
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the fabrigating process was deemed sétisfactorym Twenty weight per cent.
crystalline fiberS‘ﬁere mixed with eighby weight pér cent 302 Stainless
Steel and a giycol b:lndere This mixture was placed in a die which was
heated to 1000°F and pressed at aﬁproximately 25 tons per square inch.
The green compact which resulﬁed from the hqﬁ pressing operation showeq
sufficientAstrength‘to allow for all normal handling of the sample such
as removing it from the die and for normal inspection procedureg including
cutting the sample and making meﬁallographié examinations. While the
sample withstood all these handling operations, it was found that the
standard techniqugsifor polishing and étching did not succeeds The net
result was that whereas the sample could be investigated‘under'the micro-
soope, photographic examinations were nob too successful. Investigations
wiil be nade intp impr:oving me~Eallographic technigues for fubure samples.
Sections were taken from the first two samples made for trial sin-

tering operations to see what could be done without an atmosphere furnace.

An atmosphere furnace is néw on order but delivery is scheduled for late
in the Sixteenth Quarter. Because data on composite properties are needed
earlier, it is necessary that sintering be started before the furnace is

available. The first trial was aimed at seeing how these sintering ekperif

'_ ments could be made. Tt was decided that the sémple could be placed in

a crucible with a mixfure.of.dluminum.oxide mixed with ébout ten Qeight
per_cent graphite powdéra The graphite should act as a reducing agent

by reacting ﬁith the oxygen of.enfraﬁped‘air, and the aluminum dxide‘should
prevent cirdulatioh of air near the samples This‘system_w;rks quite wéll

except that absorbed gases in ﬁhe green compact contribute to a slight
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amount. of oxidation during the sintering operation. The first trial was
at 1800°F for 2‘1/2 hours and the second trial was at 2006°F for 2 hours.
A considerable amount of sintering did take place alﬁhough it was in no
way deemed that cpmplete dehsification had occurred. The results of the
experiments, though, were quite satisfactory.especially in view of the’
fgpt that it was just an at£empt to see if this method would suffice for

preliminary tests.

Investigations Into the Basic. Nature of Composites

As the Fifteenth Quarter represents a change~over time in emphasis

"on the research'conducted,'certain‘experiments from the Fourteenth Quarter
" had not been cbmpleted. Ths;first of these experiments was én investiga—

‘tion into a change in the hot pressing technigue which had been developed

during the first year of the contract. This change has been mentioned
previously, but the variables involved had not been‘sﬁudied. The major
change was the use of a small die which could be heated uniformly in a .

furnace and then placed in a press to form the bars. Earlier dies were

heated by imbedded electric resistance elements and suffefed from.large

point-to—péint temperature variations. The preheat temperature, preheat
time, and time of preséing had to be studied for their éffeqts oni the
strength of the composites Table IV shows the initial tfials in which

a general traverse of the described varlables was made and visual appear-

" ance of the bars was used as a criterion for changing the variableé. After

the better bars weré tested (see Table IV), a second set of bars was pre-

scribed from a statistical studylof the first group. The results for this
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a } : TABLE IV A
EFFECT OF FORMING VARIABLES ON TENSILE STRENGTH -
OF HOT PRESSED GLASS-ALUMINUM COMPOSITES :
= ; T o i q
Preheal! Preheat| Press Time | Press Time | Thickness | Tensile |
Temp. Time | - 8,0 Tsi | 31.5 Tel | Inches | Str.~Psi| Appearance
: 670°F 30 min, 10 min.. . 5 min, N.Go — Poor
) ' 670 . 145 ) lo 5 s NeG‘e meomn: .Pobr
¥ 750" 60 10 5 NoG. — . Poor ,
Ly 800 L5 10 5 N.Go —— Poor ‘
1!; 900 , 60 w5 186 5,889 Good
{1000 60 10 5 -189 6,065 Good
11000 45 5 5 185 8,880 Good .
] S11000 45 o1 1 2192 2,772  Fairly Good
: 1000 60 5 1 188 9,881 Fairly Good
3 1000 60 5 5 .186 14,177 Fairly Good |
1000 60 5 5 NoGo - N.G,
1000 110 5 - 0186 15,049 Good
] | 1000 . 100 3 - .182 22,026 .Good
¥ o 1000 . 60 -1 L " .185 15,168  ...Good
4 1000 60 1 - .188 15,648 " Good
; g 1000 60 1 - 188 10,924. Good
' : 900 . 60 1 - 188 6,596 i Good -
i 900 60 1 - 188 10,638  n-Good -
13 850 .- 60 1 - -188 2,454 - Good
| 850 . 60 1 - 186 3,700 Good
i 850. 60 1 - 188 9,342 Good
. 750 60 1 - 2191 3;5k2 ©  Good
k 750 60 Sl - 2200 1,597 Fair
§ 750 60 1 - 201 5,876 Fair
; : - 750 60 1 - 0204 1,754 Fair
k L 800 60 1 - 0201 by3Th Good
{ i . . . l
. !
i
Lv'm ca T, LT, i
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second group of bars (shown in Table V) indicate that sewveral combinations
of preheat time, temperature, and time of pressing may be used and that
probably the most significant factor in composite strength is the degree

of perfection of the aluminum coéating on the fibers rather than the hot

pressing process varilables.

On October 8, 1959, Dr. Edward Saibel, a éonsultant from Rensselaér
Polyteehq?c Institutes presented his'third paper'bn properties of com-
poéite materials. Since Dr. Saibel had indicated the area in which he
wouldvbe working, advance samples were ;repared.for‘de#ermination of |
Poisson's Ratlio in compreéssion at The Ohio State‘University.’ The sém~
ples consisted of fwenty.per cenﬁ by Qolume'"EV glass fibers parallei
oriented‘vécuumvinjection'cast‘with 2014 aluminum. = The baré weré heat
treated to the solution and aged,conditioﬂe Usingithe assumpti;n thét
the bars act as homogeneous: units vhen subjected to a.load ana that .
ﬁhefe is no relative slip'beﬁween'the fibers and the suprouﬁding metal,
Dr. ?éibel calculatéd that the pbserved Poisson's Ratio for the composite
bars should lie between the Poissoﬁ's Ratio of the glass and fha{ Sf'the
aluminum in direct ﬁrdﬁortich to the total aroéa section of each,

Figures 1, 2,‘and 3‘present‘the experimental data for compressive
loads placed on cubes of the composite:méterial with the fibers oriented
in different directions to the logau The Poisson's Ratio was calculated
from the slopes of the‘majg% sections of the curves. Sﬁrprisingly the
Poisson's Rabtio so detéfmined wa.s considerablj higher than predicted and
in the opposite direction to that found when determined in tension. 4n

earlier determination of Poisgson's Ratio for 2014 aluminum-"EY glass
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TABLE V

. OF HOT PRESSED GLASS-ALUMINUM COMPOSITES

EFFECT OF FORMING VARIABLES ON TENSILE STRENGTH

Preheat | Preheat | Press Time | Thicimess | Tensile

Temp. Time | 8.0 Tal I Iaches Shae-24L | Appearance

900Q°F 61, min. 1 nidn. 0221 42,005 Good App.
Slight Warp

900 - 6l 1 oR22 2h, 549 L

900 biy 1 ol 25,382 no
950 g1 i 0R27 - 23,651 "

950 81 X 0222 25,070 "

950 81 1 nR25 23,894 "

N f Y

900 by 3 0221 2ho537 "

900 64 3 o225 C 1,517 "

900 6L 3 0226 28,139 L

950 81 3 2220 22,585 "

950 8], 3 0222 25,385 LU

950 g1 3 028 P "

900 g1 3 - 0222 37377 "

900 81 - 3 0219 21,577 "

900 81 3 o225 19,824 Good

. E ' No Warping

950 A 3 ot 3y 15,625 "

950 64 3 0R27 21,038 LI

950 64 3 220 25,5430 "

950 6l 1 221 25,670 "

950 64 1 221 26,582 "

950 6l 1 «230 21,087 AL

200 81 1 2 RR2 " 13,000 "

900 - 8l X 023 19,520 "

900 81 i «220° 25,800 "

925 72 1eh2 w2 b, 104 v

925 72 1.,1;2 422)4 21-!337‘2!‘ "

925 72 1.42 023 31,790 "
1000 60 3 019 27,178 "
1000 60 3 219 30,571 "
1000 60 3 «220 23,7h1 "

il oot S i b Aioh it
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composites iﬁ tensionfyielded an average value of 0,100, An assumption
from these results would be th&t the bars do nob act. as homogeneous units
when subjected to load and that’there must be séme relative slip between .
the glass fibers and the surrounding metal. Comparative results from
composités made of ME" glass fibers parallel criented 5n 2014 aluminum -

matrixes in the T~6 eondition certainly indicaﬁe that there is a gross

* . difference: between thefreaction of the composite material when loads

are applied in tension versus compression (see Table VI).
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TABLE VI

1 . © 2014 Aluminum Matrix
Solution and Aged

nara i

IR AR TR ey g;“’l " 'I'I-““» .

'COMPARTSON OF PHYSICAL PROPERTES
OF GLASS-ALUMINUM COMPOSITES
IN TENSION AND COMPRESSION

l* . . . 20% by Volume Parallel Oriented ME" Glass

Tension’

Compression

Average Ultimste Strength |. 27,500 Psi

Ultimate Elongation' .= T8

St et SR LT . i et o e

‘Modulus of Elasticity 10,200,000 Psi

\

Poisson's Ratio +100 -

10.0 ¢
10,000,000 Psi
.500

125,000 Psi

¢ eeanda st S
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FUTURE_PLANS

The Owens-Corning Fiberglas Research Laboratory will be moved from
its present loeabion in the ﬁewark‘Plant to a new location in the Owens-
Corning Fiberglas Technlecal (enter at Granville, Ohio. It is expected
that this will cause some delay in the research effort bubt planning is
such that the delay will be kept to an absolute minimum.

Three systems éf;fabricating;conmositgs will be studied as the
equipmeﬁt for them,BecomeS‘availableo The first method will be hot

pressing which is a modified powder metallurgicai technique, The second

"method is sliprcésﬁing which has been recently developed for metals but

is an old system for forming ceramic materials. The third method is low
temperature, 1ow:pressure extrusion which again is ndt a métallurgical
technique but a ceramic technique. Delivery of an atﬁosphere furnace

.is expected to take some time and attempts will be made to produce a
small atmosphere furnace which can be used to do preliminary testing -

and to investigate techhiques for sintering without a closely controlled
atmosphere such as was menﬁioned in tﬁe "Discussion" section of this
report. A.considerable>émount of study will have to be madé on sintering
of green composites, as this waé one of the éreas of-difficﬁlty during |
the experiments in 1§58 whiéh has not been modified by new techniques.

New high temperature glass fibers will be examined as they become

.avéilable:by making ténsile strength ﬁests at room temperature, 1000°F,

1500°F, 1800°F, and 2000°F,
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APPENDIX"

PAPER BY DR. EDWARD SAIBEL

"The Poisson's Ratio
of Composite Materials"
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" Introduction

In the following a method is described‘for‘determination

of the Polsson's ratlo of composlbe ‘glass-reinforced bars.

"It is assumed ﬁhat such barg act as a unit when subdected to
Load and that thopae 1n‘nb walebivw’ulip hotween the glanss

. fibers and the surroundirg materialﬂ, The two cases of uni-

form and non- uniform fiber dibtribution have been dis Assed
separately. Expresslons have. ‘been obtained for the "observed" ;,
Poisvon's ratioc of the composlte bar when the appllcd 1oad

is in the direction of glass fibers.
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Nomenqlafure

Cartgéian do;ofdinéte'axes;‘

area. of glass fibers per square inch.
3oiss§n's ratlo Qf'élass. -
Poissén's ratio of metal; ’
obsefved foissbn's ratio of bomposite bar.

applied load in tension or coﬁpression.

-components of straln

components of stress

" modulus_of elasbiciﬁy




Case I. Uniformweiber Distribution

Referring to figure 1, we conslder a composite cube 1" x 1" x 1"

.in.which the fibers are orlented in the directldn of'the‘Xﬁaxis.-

. o Fig. |
y , lp 3

Now, a body of origlnal volume Vo when subjeoted to pure
homogeneous extension or compression undergoes a change of volume

Mo given by -

A%=ﬂ4[04@xuvénawsaﬂ] ! )

Retaining only the linear terms in the ‘above expression we geb.

A\/o—_-l{,e-,‘((lzu) ' : ()

‘This same result can of’course be cobtailned also from,consideration

. of Hooke 's Law which in the case of wilaxlal loading states

o
8= X

*T TE
G=-v 5 - (3
| v

= o)) —
€, =
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. Adding these equationg wé obtain the change in a unit volume as -
o |

AV, =Gt Gyt G = &y (1-2)

; ' - S .
3 This result belng established, the change in-the volume of
¥§ glass fibers of the cube considered previously is glven by
: | .
AV = £ & (-23) - (4)
1 |
‘i . and the metal by
; A= (-f) & C-2y) )
The observed change in volume df‘comp0sité bar_is’given by
| AV = e (- 20) Gy
; - |
¥ Obvliously we must have : ‘ :
AV= AV + By, 7
which after substibtution and simplification yields
V= g+ -) i)

It is noted that since o £f 4 1 and oLy, vzé 7 » the ob= »

served 9015son's.ratioléiWaYS falls in the ranée

o £ p

AN

{
2 (7)

- I‘lm‘




TaTim S om e

Bors

[P S .
Lo P R

il : i B s i i S sttt AR AR S G 015

Case IT. Non-Uniform Fiber Distribution

’ Referring to figure 2 we consider a body A under pure eX=-

 bension or compression in directlon z and let f (k, y),designaﬁe

the‘fiber-ared disbribuﬁion»functibn. S :  ?fx

1

Then for an elémentxof A "located .at the point . (x,¥) we‘caﬁ

write 1h‘the small

V= ¥ + FOuwin-n) . o -. '(/o)
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Due ’cé a strain ez this element under goes lateral str‘ai'ns_

equal to ve, . The tobal lateral cbntrac{?ion or elongation

from ,;; to b is pgiven by
¥, Y% .
- = e . d\ !
Jh...y/_ ue;dg_ez:?/ug , o (.l)
1
The observed strain e, = 1s then equal to
% ‘
G = CL f v dy ' SN (74
4k hxy 5 ,
and the observed Polsson's ratio in directilon y . ,
' i ' )
'y N .

z heo  J

Simllarly we have in dil’QC{?iOn x

X!
Vx-:-n?(y):l.,,j/ v dx
bey %

‘where v is given by equation (9). It 1s to be observed again that’

since o €V 421 both 'quantitiesf Y% and ¥ fall in the range
o< '&:‘%é;*é‘ o . : us7)

for ali z and y.




